Abstract. The goal of the work was to study the role of GC alternative dimmers in the binding of DNA with Ni (II) ions. The method of ultraviolet difference spectroscopy has been applied to investigate Ni (II) ions interactions with DNA extracted from Clostridium perfringens, Mice liver (C3HA line), Calf thymus, Salmon sperm, Herring sperm, E.coli, Micrococcus luteus and polynucleotides Poly (dA-dT)Poly (dA-dT), Poly (dG)Poly (dC), Poly (dG-dC)poly (dG-dC). It is shown that Ni (II) ions at outer-spherical binding with DNA double helix from the side of the major groove choose more stable dimmers
Introduction
Due to recently discovered DNA catalytic properties interest in inorganic biochemistry has increased. It was discovered that, DNA double helix possesses mediator properties in photodynamic affect [1] [2] [3] [4] , as well as ones connected with charge [5] [6] [7] [8] [9] [10] [11] [12] and energy [13] [14] [15] transfers. In all those processes transitive metal ions and their complexes with small organic molecules, for example metalointercalators [1, 16, 17] and metal based drugs [18] [19] [20] [21] [22] [23] [24] [25] , play important if not major role. Besides some transitive metal ions and their compounds are strong cancerogens and mutagens. The mutations that lead to death of the cells are initiated by antitumor drugs. Often such drugs contain metal ions. Sigels' new series "Metal Ions in Life Sciences," that has been published recently contains complete review connected with complex formation of Ni (II) and related metal ions with nucleic acids and with its components [26] .
Though in our present paper we want to draw attention to special feature Ni (II) ions at its interacting with DNA, as it gives preference to stable GC alternating dimmers. For this purpose, interaction of Ni (II) ions with polynucleotides and DNA of different origin was investigated by the method of ultraviolet difference spectra.
The reason for choosing Ni (II) ions are the following:
1. NI (II) ions as well as their complexes are strong cancerogens [27] [28] [29] [30] [31] [34] . The present paper is devoted to investigation of GC alternative dimmers role in Ni (II) -DNA interaction.
Materials and Methods

Materials
DNA and Polinucleotides: In the paper we used the DNA from calf thymus (40% GC) [35] , herring sperm (44% GC) [35] micrococcus luteus (72% GC) [36] , clostridium perfringens (27% GC) [36] , salmon sperm (44% GC) [35] , E. coli (51% GC) ("sigma"), and liver of C3HA line mice (40% GC) [35] extracted by Dr. N. Sapozhnikova in the Andronikashvili
Institute of Physics. Besides, we used polynucleotides Poly (dG-dC) Poly (dG-dC), Poly (dG) Poly (dC) and Poly (dA-dT) Poly (dA-dT) (firm "Boehringer Mannheim").Concentration of DNA and polynucleotides were also determined spectrophotometrically and as molar coefficients ε for these polymers we have taken the following values: E. coli-6500, calf thymus-6600, micrococcus luteus-6420, clostridium perfringens-6700, salmon sperm-6500, Poly (dG-dC)
Poly (dG-dC) and Poly (dG) Poly (dC)-7100.
Ions:
We used chemically pure chloride of Ni and also especially pure NaCl. Bidistillate served as a solvent. The concentration of the filtered mother liquor of NI (II) was determined spectrophotometrically.
Intercalator: Ethidium bromide we also purchased from "Sigma". The concentration of the dye was determined colorimetrically (5600 at 480 nm).
Method
Ultra-violet difference spectra (UDS) of DNA caused by its interaction with twocharged metal ions were registered by double-beam spectrometer Specord M40 (firm Carl Zeiss) in carefully matched 1cm long quartz cells. Detailed description of the procedure is given in [14] .
Results and Discussions
Fig.1 presents UDS of DNA from the cell thymus, micrococcus luteus, clostridium perfringens and also Poly (dG-dC) Poly (dG-dC) and Poly (dG) Poly (dC), caused by their interaction with NI (II) ions. The analysis of their spectra has shown that despite some differences in the position of UDS maxima in the region of 290 nm; on the whole the spectra coincide qualitatively but differ significantly in the intensity of Ni (II) ions influence on ultraviolet spectra of these polymers. Analysis of dates given in the table 1, as well as analysis of dates given by Fig.1 and Their stacking energies are 14.59 and 9.69 kcal per mole of dimmer correspondingly [37] . It must be mentioned that intercalators, including EB are located between base pairs, formed by self-complimentary dinucleoside monophosphates, which always have pyrimidine nucleoside on the 5' end and purine nucleoside on the 3'end [38] . I.e. intercalators give preference to GC dimmers of
second type [39] [40] [41] . It is interesting that intercalation in this case is energetically more preferable by 7-13 kcal/mol than in the case of dimmer of first type [42] . Ultraviolet difference spectra given on the Fig. 2 clearly demonstrate that Ni (II) ions and EB molecules have different binding sites. In addition the values of stability constant depend on double helix dynamical properties and structure stability. EB gives preference to the following dimmers
while Ni (II) ions give preference to dimmers
On intercalation unwinds double helix approximately on 18°and it involves at least three base pairs at each side of the intercalation site.Besedes,. EB also elongate the double helix and increases its hardness [43] . In addition Ni (II) ions notably increase DNA thermostability [44] .
Therefore, we can conclude that hexaaqua ions of Ni (II), or at list their certain quantity, bind form outer-spherically G-C dimmers of the first type in double helix from the side of the major groove thus forming bridges between N 7 G of one chain and N 7 G of the opposite chain It should be noted that though the binding of the ions of the first transitive row with DNA has diverse character (innerspherical, outerspherical, doubleouterspherical, atmospherical, with participation of phosphate group and nitrogen bases), chelatic interaction of Ni(II) ions with the atoms of both guanines in GC dimmers forming G-C interstrand crosslink is of special importance for molecular biology as it is in direct correlation with the process of forming of point defects of Watson-Crick wrong pair type (creation of rare ketoenolic and amino-imino tautomeric forms) and depurinization [14, 46, 34, 23] .
We should also point out that GC alternative polynucleotide Table 1 ). This value greatly exceeds the data for consequent efficiency observed at investigated DNAs. Increase or decrease of E i/uvs value compared to the date given in Table for 
